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(54) Filter element 

(57) A filter element comprises: 

a bundle of hollow fibre type separation membranes 
(1) made of a natural or synthetic macromolecular 
material, said bundle having an opening in at least 
one terminal part thereof; and 
a sealed part (2) made of a thermoplastic resin, 
bonded to said bundle at a temperature not higher 
than a melting or decomposing temperature of said 



macromolecular material, and adapted to seal 
watertightly said opening of said bundle in a half- 
bonded state showing no compatibility with said 
macromolecular material and permitting persist- 
ence of a mutual interface of bondage. 
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Description 

This invention relates to a filter element for the treatment of a fluid by the use of a reverse osmosis membrane, an 
ultraf ilter membrane, a precision filter membrane or a gas separation membrane as a separation membrane for various 

5 fluids which are used in various industries specializing in the manufacture of electronic products, foodstuffs, beverages, 
medicines, fermentation products, optical products, therapeutic products and precision products. 

In the treatment of various fluids by the use of functional macromolecular membranes, represented by the separa- 
tion membranes mentioned above, the functional macromolecular membranes are generally required to be modular 
units. The separation membranes are formed into flat plates, tubes, hollow fibres, etc. and their modular units have their 

10 shapes determined by the shape of a relevant separation membrane. 

The modules of flat plate type separation membranes are disclosed in JP-UM-B-55-49076 and JP-P-B-63-28654, 
for example. Tfie former module is in such a shape as is obtained by punching a disc out of a flat plate type separation 
membrane and setting the disc directly in place on a holder. The latter module is in such a shape as is obtained by sim- 
ilarly punching a disc, joining the disc along the circumference thereof to a support, thereby forming a unit, and super- 
is posing a plurality of such .units. JP-P-A-60-58208 also discloses a module which is in such a shape as is obtained by 
pleating a flat plate type separation membrane, joining the opposite edges of the membrane when converting the mem- 
brane into a tubular membrane, and closing the opposite open ends of the tubular membrane with a sealing material. 

The modules using hollow fibre type separation membranes (hereinafter referred to as "modules of filter element") 
are disclosed in JP-UM-A-05-56227 and JP-P-A-06-170179, for example. They are in such a shape as is obtained by 

20 bundling a plurality of hollow fibre type separation membranes and watertightly closing one open end or both open ends 
of the bundle with a sealing material. The modules of filter element of this type are allowed to assume a large available 
membrane surface per unit volume of module because they do not require any support for the membrane. Particularly, 
they are enabled to keep their inner surfaces of membrane clean because the inner surfaces are not exposed to the 
open air. They are also allowed to retain a high ability to clean the fluid under treatment by using their inner surfaces on 

25 the secondary side of fluid treatment. They further permit easy manufacture of cross flow type modules. 

The modules of filter element possess various features besides those mentioned above as compared with the mod- 
ules using the flat plate type and the tubular type separation membranes. In the manufacture thereof, the primary sides 
and the secondary sides thereof relative to the flow of the fluid under treatment must be watertightly isolated mutually 
in the open end parts of the bundle. For this purpose, the gaps between the adjacent hollow fibre type separation mem- 

30 branes must be sealed infallibly. This sealing has been hitherto attained generally by potting the gaps with such a pot- 
ting material as polyurethane or epoxy resin which exhibits high flowability and, when mixed with other resin, manifests 
a hardening reaction. When the fluid subjected to the filtration is a higher active chemical substance such as acid or 
alkali, alcohol, ketone, ester, aromatic hydrocarbon, or chlorine type solvent and when such physical or mechanical 
working conditions as temperature and pressure are harsh, however, the modules are susceptible to physical and 

35 chemical invasion. When the potting material is improper or the bonding strength is weak, the sealed parts tend to sus- 
tain a crack or peel. The modules of filter element thus have the problem of limiting the range of application in terms of 
the kind of fluid subjected to the treatment and the condition of use because they are deficient in durability. 

The modules of filter element proposed in JP-P-A-01 -1 64405 and JP-P-A-0 1 -281 1 04 for the purpose of solving the 
problem mentioned above are such that the seated parts are formed of a thermoplastic resin which is either identical to 

40 or compatible with the material for the hollow fibre type separation membranes. In this case, however, the hollow fibre 
type separation membranes in the sealed parts are thermally deteriorated or deprived of porosity to the extent of ulti- 
mately losing flexibility. To be specific, while the watertight contact between the hollow fibre type separation membranes 
and the sealed parts gains in thoroughness, the parts of the hollow fibre type separation membranes which are embed- 
ded in the sealed parts are embrittled to a point where they will be liable to succumb to chemical and physical invasion 

45 and sustain a crack. Further, as the sealed parts in the conventional modules have no room for absorbing expansion or 
contraction, they have the problem of sustaining a crack in the sealed parts themselves or in the hollow fibre type sep- 
aration membranes. 

This invention has been developed as a result of numerous diligent studies pursued with a view to overcoming the 
problems suffered by the prior art as described above. The object of this invention is to provide a filter element which is 
50 possessed of high durability to resist various chemical and physical invasion. 

To accomplish the object mentioned above, the filter element of this invention comprises: 

a bundle of hollow fibre type separation membranes made of a natural or synthetic macromolecular material, the 
bundle having an opening in at least one terminal part thereof; and 
55 a sealed part made of a thermoplastic resin, bonded to the bundle at a temperature not higher than a melting or 
decomposing temperature of the macromolecular material, and adapted to seal watertightly the opening of the bun- 
dle in a half-bonded state showing no compatibility with the macromolecular material and permitting persistence of 
a mutual interface of bondage. 
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erence to the accoaianyingJalTS-n" 9 *" * ***** ,here <* «*h makes ref- 

FIG 2 is a schematic I'm* ^ S £° win9 one exam P |e ° f a ''Iter element according to this invention- 

for watertight* sealing the open terminal parts of the bundled holtowH^^ . 8 ,hermo P las « c resin 

anoolt, iNn !»,« on the inner lurtaSnSJJTSi ""*""'«■, ■ « sw*. ««t TO «!»„ , 
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in the tang, ot S.01 to ^r^^^rS^r^ 0 " 8 ,e,,l "° °°" , " nl "» ^ " * l"S«*m«et 
natm, otitic n»or«,?X^^ 'r^™*™ ' * WO** » ktt 
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temperature nothigher than «ng temperate 

mwmmMmm 

raw material for the hollow fibre type separation membranes 1 . for example. mamhranB<! , on the ins er- 

in the manner of a cantilever is shown in Table 1 . 



20 



Table 1 


Flexure (mm) 


Result of Insertion of Hollow Fibre Type Semi- 


permeable Membranes 


30 


Good 


<65 


Good, depending on conditions of insertion 


100 


Bad, with reference to conditions of insertion 


150 


Bad, with reference to conditions of insertion 



The relationship between the strength of the hollow ftore type separation membranes at rupture and the condition 
of damage by insertion of the hollow fibre type semipermeable membranes is shown in Table 2. 



35 



40 



Table 2 



Strength at Rupture 


"Condition of Damage by Insertion of Hollow Fibre Type Semipermiable Mem- 
branes 


120 gf/membrane 
90 gf/membrane 
60 gf/membrane 
30 gf/membrane 


No damage by insertion 
No damage by insertion 

Insertion without damage obtainable, depending on conditions of insertion 
No insertion obtainable, without reference to conditions of insertion 



55 



Rom the results given above, it is dear that the terminal parts of the hollow f tore type separation membranes can 
be inserted in a perfect state into the thermoplastic resin when the hollow fibre type separator, membranes have a flex- 
ure of noimore man 65 mm under the weight of their own and a strength of not less than 60 g f/memb ™» * ruptwa 
The orlons for the insertion to be used when the flexure under weight is 65 mm and the m£-^T>« 
gf/membrane are 50,000 to 500,000 cp of the viscosity of thermoplastic resm, 0.05 to 5 mm/mm of the speed of ^nser 
tfoa a^ not less than 20»C as the difference between the melting points of the thermoplastic res,n and the hollowf ibre 

under weight may be not more than 65 mm in the free end of a cantilever 150 mm ,n length and that the strength at 
rupture may be not less than 60 gf/membrane. 

Now, a method for the production of a filter element which fulfils the conditions mentioned above w,ll be cried below 

by way of example. 
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if ««n^ P^pWene resin as the raw materia, and man- 

are bunded so that the ratio of the cross 8^7^^^^^ " S,ren9th of 1 60 Membrane at rupture 

•bre type separation membranes and not lower tha ^S£^T U * ,w ^ l »*e'«*« 
term.nal parts of the bundled hollow fibre type separatioTrnTrX^!^ °' ^ P 0 "^"* «h. and the open 
po.ye.hy.ene resin has a melt viscosity inl ^SSSSITT^ !* reSUl,an, mel1 Af * is *»• ■» 

branes are inserted at a rate in the range of 0.05 to 5 » * h °" 0W ' bre ^ Wft» mem- 

*.«y wrth the hollow fibre type separation membrane ^a^ferm^ SWb Sh0Win9 1,0 perfect 

therebetween. Then, the open terminal parts oTtiT^e of a^iH'f ,? Ce °' 3 ^ in,eriace b <"*age 
watertight* seaiedinthe sealing par. areope^ J^^S"^ ° f h i °" ow fibre reparation membranes 
Now. working examples of the module of fir^a^hS^"" ' Sadin9 ^ 0< the Sea,ed P 3 * 
in combmation with comparative experiments 9 S ' nVen,IOn wi " be descril >«< in detail below 



a> Comparative Experiment 1 



bundle in an outer ,ube made of polycarSnaTe 2 formta a 1 250 " m h ' nSide diameter ' 
method of centrifuge, casting. Then. Is mSe ^SiSf ^ °' p0| y urethane «* the conventional 
perature for 100 days, dried at 60°C for 48 hours aZin^rZ - *** m is0propyl a,cohQl 31 r °<™ tem- 

method for the determination of bubble point Z e tea c OU 7 ^Xl^T/ ^ 3nd ,6Sted by the «and"d 
ure.hane and the outer tube of polycarbonate sep^^g S ^SSSS^T" *" ^ ^ ° f ^ 



so Comparative Experiment 2 



ooler tube made ol polycarbonate, and lormi™, ,,Z En ^S^T " ,M «*«*™"»lt.b.«l.h«, 



Comparative Experiment 3 



P^n^ 

paste by suspending fine powder of PoK^^in^Z^TT- " J* 0 Mm inSide diameter ' 
« the bundled hollow fibre type separation memb rane . ^^SSJK^ ? t "f? ,0 thS ° pen ,e "* al P 3 ^ - 
forming a sealed part by locally heating the neUixJ^^^ ? ,Ube made of P°' » r *ne, and 
membranes at wc in accordance with the £ It^S 

of base of the sealed part of the hollow fibre type separation memLn! ^ ^ b6CaUS6 ,he nei 9hbourhood 
of the hollow fibre type separation membranes emt^S h Z LT me ' 1ed , and ' ' h6 Same time ' ,he P»* 

The formation of a module of filter element JaaSS JfJL k * I"*' 6 mS,ted and who11 * disintegrated. 
Plastic resin as the materia, for a sealed Zt^Sfn the S ZT^'S FT inVasi ° n by ^ a *•»*>- 
membranes has been conceived as party disced in JP^a-0, kSTh h °' l0W fibre type se P ara «°" 

rments, however, the measure which insists in usTn "as the ma te S = « ?" Mra * a,ed in the '""We exper- 
accountofconpatibility thereof with the hollowfS^ 
* t.c resin actually was capable of forming .he se2X, S S^'* *^ m ^ toWerm ^ 
even when the material for the hollow fibre type separation mlh y P °° r ' towabi "' ,y 31 me mel,in 9 point 

because the neighbourhood of the base ^!ZS^S^ T ^ 3 ,hermoplas,ic as PTFE 
embedded in the sealed par, were .iable to i^K££ ° ^ SePara,i ° n membranes and *• Part 
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A module - filter element was formed * *n*j 
py ,en e . 0.1 am in maximum pore diameter^OO ^^^^^S^ the raw materia, for a sealed 
bundle in an outer tube made of low<iensrty 1**WW*™^WJ> 9 ^ ^ thus pre . 

p*rt in ethyl alcohol.injec^^ 

pared in an oven at 120°C for 12 hours, ^^^^^^ days, dried at 60°Cfor 48 hours, immersed 
kg/cm 2 , a normal level. 



Example 2 



Amodu.eof filter elem^^^^ 
tone, 0.1 urn in maximum pore domett 450 un nn outtd ^S^ensityTolyethytene in advance at 140°C in a 
die in an outer tube made of hiS"^* P 0 '^'^ 

depressed metallic die, inserting the open term, al ^ t0 Jg* gradually. Then, this module 

melt of high-density polyethylene, ^^Z^£u7oTZhZ i 60°C for 15 days, washed with water, and 



Example 3 



25 



30 



35 



40 



45 



Amc*u,eof,tere« 
side diameter and 700 urn in ins.de d.ameter, f^J^^Sr of propylene dispersed in ethyl alcohol, 
the raw material for a sealed part in the form o paste ^"^^JJ^^^ heating on.y the open ler- 
inserting theopen terminal parts of the hollowfbre type .^^^^^ Mvaau a rmVnmtn .^ 
mina- parts in an oven at WC for ^^£^SSSS^JS^ room temperature for six weeks, 
module was kept immersed .n an aq^ous 5 A d. , atic pressure to the module from 

washed with water, and tested for leakage by ^J^^^^^ to have no leakage, 
the primary side while immersing the m ^' n ^ 

The filter elements which were formed by us,ng a natural o , fQr a sealed ^ set ting 
rial for ho.low ftore type separation mem ra.es and l£Z%Z^^**«*f « temperature or the 
the temperature for the formation of the seal ed part * 8 »™ ™ 9 {fore ^ separati on membranes and not 
decomposition temperature of the raw «»^.5EHrfe of ^thermoplastic resin, and forming the hollow 

than the thermally melting ^.BSSS SpeTmLg persistence of a definite inter- 

described below with reference to the a = com P any ^ r ^;^ „ ^toe of filter element according to this invention. 

FIG. 5 is a half-cut cross section showing one "^S^nSetf a natural or synthetic macromolecu- 

,n the diagram. 1 stands for hollowfibretyp.se^ 

lar compound, 2 for a sealed part made of a tMrrnoptastt ^nhavrng am g J ^ meMes 

mally melting point or the decomposingtenpe^ 
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membranes, 1 3 for a housing for accommodating and protecting a bundle of a plurality of the hollow fibre type semiper- 
meable membranes 11, 13a for the main body of the housing 13, 13b and 13c each for the cap for the housing 13, 14 
for an O ring, 15 for an inlet for a fluid, and 16 for an outlet for the fluid. The sealed part 12 watertightly seals the open 
terminal parts of the bundled hollow fibre type semipermeable membranes 1 1 and, at the same time, watertightly 

5 adheres by fusion to the inner wall surface of the open terminal part of the main body 13a of the housing 13. 

it is clearly noted from the description given above that since the filter element according to this invention has the 
sealed part thereof formed in a half-bonded state with hollow fibre type separation membranes and consequently per- 
mits persistence of an interface of bondage therebetween, the hollow fibre type separation membranes offer strong' 
resistance to chemical and physical invasion at no sacrifice of the inherent physical properties and have no possibility 

10 of being disintegrated or deteriorated by the heat being used during the formation of the sealed parts. Further, the 
sealed part can cope with various fluids because the raw material therefor is not limited to a substance identical to or 
compatible with the raw material for the hollow fibre type separation membranes. 

Claims 

is 

1 . A filter element comprising: 

a bundle of hollow fibre type separation membranes (1) made of a natural or synthetic macromolecular mate- 
rial, said bundle having an opening in at least one terminal part thereof; and 
20 a sealed part (2) made of a thermoplastic resin, bonded to said bundle at a temperature not higher than a melt- 

ing or decomposing temperature of said macromolecular material, and adapted to seal watertightly said open- 
ing of said bundle in a half-bonded state showing no compatibility with said macromolecular material and 
permitting persistence of a mutual interface of bondage. 

25 2. A filter element according to claim I, wherein said hollow fibre type separation membranes are asymmetric mem- 
branes having a smooth skin layer on an inner surface thereof and a finely jogging support layer on an outer surface 
thereof. 

3. A filter element according to claim 2, wherein said asymmetric membranes are reverse osmosis membranes. 

30 

4. A filter element according to claim 2, wherein said asymmetric membranes are ultrafilter membranes. 

5. A filter element according to claim 2, wherein said asymmetric membranes are gas separation membranes. 

35 6. A filter element according to any preceding claim, wherein said hollow fibre type separation membranes are micro- 
porous hollow fibre type separation membranes containing pores of a largest diameter in the range of 0.01 to 5 urn. 

7. A filter element according to any preceding claim, wherein said macromolecular material is one member selected 
from the group consisting of cellulose, cellulose ester, polysulfone, polyether sulfone, polypropylene, polyethylene, 

40 polyamide, and polyacrylonitrile. 

8. A filter element according to any preceding claim, wherein said thermoplastic resin is one member selected from 
the group consisting of a polyolef in type resin, a copolymer of tetrafluoroethylene with polyfluoroaikyl ethers and a 
fluorine type resin. 

45 

9. A filter element according to claim 8, wherein said polyolef in type resin is one member selected from the group con- 
sisting of polyethylene and polypropylene. 

10. A filter element according to claim 8, wherein said fluorine type resin is one member selected from the group con- 
so sisting of polytetrafluoroethylene and fluorinated ethylene propylene. 

11. A filter element according to any preceding claim, wherein said hollow fibre type separation membranes have a 
length of 150 mm, manifest a flexure of not more than 65 mm at a free end thereof under their own weight when 
supported in the manner of a cantilever, and exhibit strength of not less than 60 gf/membrane at rupture. 

55 
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FIG. 1 




FIG. 2 
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FIG.3 




FIG. 4 
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FIG. 7 
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